We report the primary structure of 5.8 S rRNA from the crustacean Artemia salina. The preparation shows length heterogeneity at the 5'-terminus, but consists of uninterrupted RNA chains, in contrast to some insect 5.8 S rRNAs, which consist of two chains of unequal length separated in the gene by a short spacer. The sequence was aligned with those of 11 other 5.8 S rRNAs and a general secondary structure model derived. It has four helical regions in common with the model of Nazar et al. (J. Biol. Chem. 250, 8591-8597 (1975)), but for a fifth helix a different base pairing scheme was found preferable, and the terminal sequences are presumed to bind to 28 S rRNA instead of binding to each other. In the case of yeast, where both the 5.8 S and 26 S rRNA sequences are known, the existence of five helices in 5.8 S rRNA is shown to be compatible with a 5.8 S -26 S rRNA interaction model.
INTRODUCTION
5.8 S RNA, a constituent of the large subunit of the eukaryotic ribosome, has a chain length of approximately 160 nucleotides in most species. Small ribosomal RNAs such as 5 S and 5.8 S are attractive objects for studies in molecular evolution, not only because of their universal occurrence, but also 1 2 because gel sequencing methods for small RNAs allow a relatively rapid examination of their primary structures in a variety of organisms. Some 17 sequences of 5.8 S rRNAs, among which 6 from vertebrates, are known at present . As the collection grows, it should be possible to deduce a generally valid secondary structure model with some confidence. Most of the proposed base pairing schemes rely on the model originally put forward by Nazar and collaborators for mammalian and yeast 5.8 S rRNAs. However, this model assumes base pairing between the 5'-and the 3'-terminal sequences of the molecule, and does not account for the binding of 5.8 S rRNA to 28 S rRNA , which is thought to involve precisely these terminal sequences . The recent 8 9 10 elucidation of two partial ' and one complete 28 S rRNA sequences has come with some detailed proposals for the interaction with 5.8 S rRNA, which the neighbourhood of the 5'-terminus was confirmed and completed by a two dimensional combination of gel-and thin layer electrophoresis as described by Fig. 2 , and seems to be due to an inaccuracy in the processing event generating this terminus. Artemia 5.8 S rRNA contains two 2'-0-methylribose residues and one pseudouridine. An HPLC analysis of pseudouridine content led to a calculated amount of 1.8 residues per molecule. Hence it is possible that one or more extra U residues are partially modified into *. This would not be detected by Peattie sequencing since the unmodified molecules would yield a band. Secondary structure of 5.8 S rRNA
We did not attempt to investigate the Artemia 5.8 S rRNA secondary structure experimentally, but certain inferences can be drawn from the comparison of 17 sequences now available . The search for common sequence complementarities has been a rather fruitful approach of RNA secondary structure investigation. It has led to the cloverleaf model for tRNA, and to the Fox-24 Woese model and some more refined models (reviewed in ref. 22 ) for 5 S rRNA. In both cases the predictions have, to different extents, been verified experimentally. The same approach is now being exploited in the case of larger Fig. 3c , we have therefore represented Artemia salina 5.8 S rRNA in a secondary structure lacking helix A. As illustrated in Fig. 3a and b the main feature distinguishing our model from Nazar's consists in helix B, which connects multibranched loop Mj with helix C via interior loop I. In Nazar's model the connection Mi -C consists of a different helix (GUGC36 • GCACim in Xenopus) separated from C by a large bulge. Although the Nazar models, for the sequences where they are available, show a superficial similarity in this region, a drawing of the proposed pairing schemes on the alignment showed that they are much less conserved in position than helix B. Moreover, we have not been able to extend the Nazar pairing scheme for this area satisfactorily to the arthropod sequences. Calculated free energy changes of secondary structure formation are listed in Table 2 . In order to allow a comparison with two other models, we calculated the energies for our model with areas A-A' base-paired (Fig. 3b) . With the exception of Xenopus laevis and the two plant sequences, our model is more favourable energetically than Nazar's. Luoma and Marshall^* have proposed a four helix model that shares only areas A-A' and F-F' with that of Nazar. The free energies are listed in Table 2 for 4 cases where such a model has been published. Apart from the fact that is is energetically less favourable, we have been unable to transpose this base pairing scheme satisfactorily to other sequences.
Model for 5.8 S -28 S rRNA interaction
Having ascertained that the base pairing scheme defined in Fig. 2 , with some reservations for helix A, applies to all known sequences, is energetically favourable and highly conserved, we will now examine if it is compatible with the current knowledge on 5. Hypotheses concerning the precise 28 S rRNA sequences engaged in the interaction had to await data on the primary structure of these molecules. Three different proposals have been made, illustrated in Fig. 4 (models 1-3) . (Fig. 3a), or our variant of it (Fig. 3b) action model 3, which we advocated above, interfere not only with helix A, but also with helix B. This potential helix is quite conserved in position and favourable energetically. We have therefore examined if the structure proposed for the 5.8 S -26 S rRNA interaction in yeast can be redrawn to an equally stable structure saving helix B. This is actually possible, as demonstrated in Fig. 5 . The difference in free energy between the two schemes is only 2.6 kcal/mole in favour of the one originally proposed, which is negligible for such a large structure. This proves that the type of interaction postulated in model 3 (Fig. 4) is compatible with the existence in 5.8 S rRNA of helix B as well as helices C,D,E, and F. It does not prove, of course, that helix B actually exists. This will require at least some more comparative sequencing evidence, especially of 28 S rRNAs.
